Abstract. Here, we investigate whether the bulk or the shear is the appropriate modulus for the defect parameters in different materials by focusing on those of geophysical interest. We show that the self-diffusion process and just also the bulk modulus should be related to defect parameters. It is this interrelation which accounts for the emission of electric signals before fracture, and is thus in accordance with the physical basis of the Seismic Electric Signal prior to earthquakes in Greece.
Introduction
During the last 3 decades, low frequency (≤1 Hz) transient changes of the Earth's electric field, termed Seismic Electric Signals (SES), have been found to precede major earthquakes in Greece (Varotsos and Alexopoulos, 1984a, b; Varotsos et al , 1988 Varotsos et al , 1993b . The model proposed by for the SES generation is based on the pressure stimulated polarization currents (PSPC) which are emitted from a solid containing electric dipoles upon a gradual increase of the pressure P . These dipoles, which are formed between aliovalent impurities and vacancies that appear in the crystal for charge compensation (Kostopoulos et al., 1975) , change their orientation with a relaxation time τ given as τ = (λν) −1 exp(g/kT ), where ν is the attempt frequency for a jump to a number of λ accessible paths, T is the temperature and g is the Gibbs energy for the re-orientation process (activation). Pressure affects the value of g according to the relation v = (dg/dP ) T where v stands for the migration or activation volume. In case that v < 0 (Varotsos and Alexopoulos, 1980b; Varotsos et al., 1993a) an increase in pressure leads to a decrease of the relaxation time τ . When the increasing pressure reaches a critical value P = P cr , a transient electric current arising from the cooperative re orientation of dipoles is emitted. This transient current constitutes the SES (Varotsos and Alexopoulos, 1984a, b) . Zhang et al. (2011) investigated the temperature and pressure dependence of oxygen self-diffusion coefficients (see below) in a variety of materials of geophysical interest such as Mg 2 SiO 4 polymorfs (forsterite, wadsleyite and ringwoodite) and MgSiO 3 perovskite. They found that the activation energy as well as the activation volume are directly related to the bulk modulus through the cB model , of which a brief description will be given below. A similar relation of the defect Gibbs activation energy and activation volume to the bulk modulus has been also verified by Dologlou (2010) , in the case of self diffusion in lithium hydride.
Here, we check whether in various defect processes the shear or the bulk is the appropriate elastic modulus for the interconnection of the defect parameters with the bulk properties focusing on materials prevailing in the Earth's mantle and thus of geophysical interest.
The cB model
Defect parameters can be directly estimated by means of the cB model which interconnects the Gibbs energy g i with the bulk expansivity and elastic data according to the formula (Varotsos, 1976 (Varotsos, , 1977 (Varotsos, , 2007a Varotsos and Alexopoulos, 1977 , 1980a :
where the superscript "i" stands for the different process mechanism, (formation, migration and activation), B is the isothermal bulk modulus, is the mean atomic volume, and c i is a dimensionless constant which can be considered as independent of temperature and pressure. This model has been successfully applied to a variety of cases including rare gas solids (Varotsos and Alexopoulos, 1984c) , alkali and silver halides , 1979 Varotsos and Miliotis, 1974; Kostopoulos et al., 1975) , alkali halide mixed crystals (Varotsos and Alexopoulos, 1980c;  Published by Copernicus Publications on behalf of the European Geosciences Union. Varotsos, 1981) , diamond (Varotsos, 2007b) , fluorine superionic semiconductors (Varotsos, 1976; 2008) , as well as for the electric signals emitted from crystalline materials under pressure in a similar fashion as in the case of seismic electric signals (SES) detected prior to large earthquakes (Varotsos and Alexopoulos, 1984a, b; Varotsos and Lazaridou, 1991; Varotsos et al., 2002 Varotsos et al., , 2005 Varotsos et al., , 2006a Varotsos et al., , b, 1986 .
E. Dologlou: The underlying model for defect parameters in materials of geophysical interest

Application of the cB model in periclase
For a single operating mechanism, the self-diffusion process at different temperatures T , is described in terms of activation Gibbs energy g act as
where f is a numerical constant depending on the diffusion mechanism and the structure, α the lattice constant and ν is the attempt frequency. A combination of Eqs. (1) and (2) leads to
If for constant temperature T (or pressure P ) and for a given pressure P (or temperature T ) the self diffusion coefficient D i is known, the constant c act can be estimated from the formula:
where the subscript "i" stands for the value of each parameter at P = P i (or T = T i ).
Once the c act has been calculated, the self diffusion coefficient D at any other pressure and/or temperature can be derived by using Eq. (3) if the values of α, ν D , B and at each pressure and/or temperature are known.
We will now proceed to the estimation of the self diffusion coefficient of oxygen in periclase (MgO) at temperature T = 2000 K and pressure range (9.21-117) GPa for which experimental data are published (Ita and Cohen, 1997) . These are temperature and pressure conditions similar to those prevailing in the lower mantle. Periclase is one of the major earthforming minerals with a NaCl-type structure and it plays a significant role in the physics and chemistry of the lower mantle of the Earth and in related seismology and geodynamics.
At room pressure and room temperature, the lattice constant is α 0 = 4.20×10 −8 cm (Geneste et al., 2009 ) and consequently the atomic volume 0 = α 3 /8 = 9.261 × 10 −24 cm 3 . The values of the bulk modulus B at T = 2000 K and for the pressure range (9-117) GPa are taken from elastic and expansivity data reported by Sushil (2005) (Table 6 ). The Debye temperature is D = 927.4 K (Zhao et al., 2007) and thus ν D = 19.315 × 10 12 s −1 while the numerical constant is taken f = 0.78. denote the experimental data and solid circles the calculated ones. By inserting in Eq. (4) for the highest pressure P = 117 Gpa, the corresponding values α (2000, 117) = 3.7532 × 10 −8 cm, (2000, 117) = 6.6091 × 10 −24 cm 3 , B = 5160 kbars (Sushil, 2005; Table 6 ) and the diffusion coefficient D = 4.03 × 10 −42 m 2 s −1 for oxygen (Ita and Cohen, 1997) we obtain c act = 0.666 ± 0.01 (the error is due to the uncertainty in the estimation of B and ν D ).
Through Eq. (3), the diffusion coefficients D of oxygen are estimated for the pressure range (9-117) GPa for which experimental data are available (Ita and Cohen, 1997) . The derived relation log(D) = f (P ) is shown in Fig. 1 where circles denote the calculated diffusion values and triangles the experimental ones (Ita and Cohen, 1997) .
Thus, from a single measurement and by means of the cB model, the diffusion coefficients can be successfully reproduced in a number of representative earth-forming materials and crystalline solids (Zhang et al., 2011; Dologlou, 2010) .
We will now examine whether the bulk or the shear modulus is the appropriate model for those materials. The defect volume v is defined as:
By inserting Eq. (1) (g = cB ) in Eq. (5) we have:
Since the quantity (dB/dP ) T significantly exceeds unity, e.g. usually (dB/dP ) T lies in the range 4 to 8, the above Eq. (6) shows that v is positive, thus implying that D decreases with increasing pressure, which is in agreement with experimental data. On the other hand, if we consider that g is proportional to the shear modulus C (Zener, 1951) we find that
where v m and g m the migration volume and energy, respectively. In a later work Flynn (1992) used another combination of elastic constants instead of the shear modulus. Let us now consider the case of simple crystalline solids, such as silver halides (i.e. AgBr, AgCl) which provide an excellent example of the dependence of activation volume and activation Gibbs energy on the bulk modulus . In silver halides, the pressure derivative of shear modulus is negative, i.e. dC/dP < 0 (Cain, 1977) . In that case, from Eq. (7) it is obvious that the migration volume v m becomes negative and thus, D increases with increasing pressure which contradicts the experimental facts.
From the above analysis, it seems that the defect parameters are directly related to the bulk modulus for materials of geophysical interest and crystalline solids.
Conclusions
Here, we have checked whether the bulk or shear modulus is related to defect parameters focusing on materials of geophysical interest. With the aid of the cB thermodynamical model, in a variety of such materials as Mg 2 SiO 4 polymorfs, perovskite and periclase, as well in crystalline solids, the activation Gibbs energy and the activation volume are directly related to the bulk modulus. As a first application, from a single measurement we successfully reproduced by means of the aforementioned model the self diffusion coefficients of oxygen in periclase for the pressure range (9-117) GPa at T = 2000 K, which are the conditions dominating in the lower Earth's mantle. As a second application, we calculated the defect activation volumes in silver halides and we found that the bulk modulus leads to a positive value for the defect activation volume while the shear modulus to a negative one which contradicts experimental facts.
Thus, materials prevailing in the lower mantle obey the cB model which has been also found to describe satisfactorily the parameters of the electric signals preceding fracture and hence the SES prior to earthquakes.
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